Abstract. [Purpose] Little is known about the rubro-olivary tract (ROT) in the human brain. We attempted to identify the ROT using diffusion tensor tractography (DTT). [Subjects and Methods] We obtained ROT data from 11 healthy subjects with no history of neurological disorder. For tracking of the ROT, a seed region of interest (ROI) was selected in the red nucleus, and a target ROI was found in the inferior olive of each subject.
INTRODUCTION
The rubro-olivary tract (ROT) is one of central tegmental tracts which are efferent pathways of the extrapyramidal motor system 1) . Little is known about the pathway and function of the ROT in the human brain. According to a previous study, the ROT seems to work as a switcher between the corticospinal tract and the rubrospinal tract 2) . Therefore, the ROT is an important neural pathway in motor control and has the potential to contribute to motor recovery following brain injury. Many studies have reported identification of the ROT in the mammalian brain [3] [4] [5] [6] [7] . With the introduction of diffusion tensor tractography (DTT), we are able to visualize neural tracts in three dimensions [8] [9] [10] . A few studies have attempted to identify the ROT in the human brain, however, there has been no detailed DTT study of the ROT 11, 12) . In the current study, we attempted to identify the ROT in the human brain using DTT.
SUBJECTS AND METHODS

Subjects
We obtained information on the ROT from 11 subjects (8 men, mean age: 37.1 ± 14.3 years) with no history of neurological or psychiatric illness, who were right-handed as verified by the modified Edinburg Handedness Inventory 13) . All subjects understood the purpose of this study, and provided their written informed consent prior to participation in the experiments. This study was approved by the institutional review board of our university.
Diffusion tensor imaging:
Diffusion tensor images were acquired in a single-shot spin echo-planar imaging sequences using a 1.5-T Philips Gyroscan Intera equipped with a Synergy-L Sensitivity Encoding (SENSE) head coil. For each of the 32 non-collinear and noncoplanar diffusion-sensitizing gradients, we acquired 60 contiguous slices parallel to the anterior commissure-posterior commissure line. The imaging parameters used were: matrix = 128 × 128, field of view = 221 × 221 mm 2 , TE = 76 ms, TR = 10,726 ms, SENSE factor = 2, EPI factor = 67, b = 600 mm 2 s -1 , and slice thickness = 2.3 mm. We also evaluated the fiber connectivity using FACT (fiber assignment by continuous tracking), a 3-D fiber reconstruction algorithm contained within Philips PRIDE software 10) . The termination criteria used were fractional anisotrophy (FA) <0.2 and direction threshold 750. A seed ROI was drawn in the red nucleus, and another ROI was drawn in the inferior olive of the medulla. Fiber tracts passing through both ROIs were designated as the final tracts of interest. FA and apparent diffusion coefficients (ADC) were measured in each of the ROIs and the ROT.
For statistical analysis, right and left hemispheres were compared by the paired t-test. Analysis was performed with SPSS version 14.0 software (Chicago, IL), and statistical significance was chosen as p< 0.05.
RESULTS
The ROT, originated in the red nucleus, and passed laterally to the decussation of the superior cerebellar peduncle in the lower midbrain. In the pons, it descended through the area adjacent to the medial lemnicus in the posterior direction. Within the medulla, it ended in the inferior olive, which was located lateral to the medial lemnicus and posterior to the pyramid. However, there were some variations at the decussation of the superior cerebellar peduncle: in the lower midbrain (it passed postero-laterally in 4 hemispheres; and in the pons it descended lateral to the medial lemniscus in the lower pons in 7 hemispheres, and posterolaterally to the medial lemniscus in the mid-pons in 4 hemispheres).
The structural characteristics of the ROT, the red nucleus, and the inferior olive are described in Table 1 . The mean FA value of the ROT was 0.51, and the mean FA value of the red nucleus (0.50) was higher than that of the inferior olive (0.37). Statistical analysis showed that the FA and ADC values of the ROT were not significantly different between the right and the left hemispheres (p>0.05). Similar results were obtained for the right and left hemispheres of the red nucleus and the inferior olive (p>0.05).
DISCUSSION
In the current study, we identified the ROT in three dimensions from the red nucleus to the inferior olive in healthy subjects using DTT. Several studies reported the pathway of the ROT in the mammalian and the human brain [3] [4] [5] [6] [7] 11, 12) and some of these studies described the pathway of the ROT 6, 11, 12) . Strominger et al. reported the detailed pathway of the ROT in the rhesus monkey brain 6) . The ROT passes dorsal to the lateral part of the decussation of the superior cerebellar peduncle, and then descends through the central part of the tegmentum. It subsequently passes dorsal to the trapezoid body, and then between the medial lemnicus and the facial nucleus to the inferior olive. In 2007, Habas and Cabanis reported the pathway in their preliminary probabilistic tractography study of four human subjects 11) . They described the ROT descending within the dorsal pontine tegmentum dorsal to the medial lemniscus. Recently, Kamali et al. described the pathway briefly for five human subjects, as originating in the red nucleus and descending in the posterior area of the medial lemniscus to the lower pons 12) . These findings are compatible with our results in general, which found that the ROT descended laterally to the decussation of the superior cerebellar peduncle in the lower midbrain and descended through the area adjacent to the medial lemnicus in the posterior direction in the pons. In quantitative analysis of the ROT, we found that the FA value of the ROT (0.51) was slightly lower than that of the CST, as reported in previous studies (0.54-0.71) 14, 15) . This finding suggests that the ROT is less developed than the CST.
In conclusion, we identified the ROT in the human brain using DTT. These results will be informative for research into motor control in the , and passes laterally to the decussation of the superior cerebellar peduncle in the lower midbrain (4). In the pons, it descends through the area adjacent to the medial lemniscus in the posterior direction (5, 6) . Within the medulla, it ends in the inferior olive, which is located lateral to the medial lemnicus and posterior to the pyramid (7, 8) . normal human brain and the motor recovery mechanism following brain injury. We believe that further, more detailed studies of the anatomy and function of the ROT are needed.
